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purpose of this Assignment Book is to assist you through 
lUter Theory and Troubleshooting, Unit 5, of the Advanced 
1 Avionics Course. The proper use and completion of the 
gnments contained in this book will greatly enhance your 
rstanding of the material presented in this unit. 

table of contents lists the page numbers for safety notii 
s schedules, homework schedules, learning objectives, an< 
gnment Sheets that will further enhance your abilities ai 
lectronics technicians. 


s a Navy electronics technician, you will be required to p€ 
afe and efficient maintenance on various types of electron: 
quipraent. Not only your life, but the lives of many others 
epend on your being safety conscious at all times. It is 1 
esponsibility of all Navy and Marine Corps, personnel to p: 
ccidents. This can be done if everyone develops conscient: 
afety habits and observes all precautions when performing 
aintenance of any type. 


i Assignment Book has been prepared for you 
md the Advanced First-Term Avionics Course 
>work is mandatory, when you are in class, 
fided is information you will need in perfo 
> volume contains the homework assignments 
ly efforts. 


to use while i 
. Remember the 
the informatic 
rming your Nav^ 
that will direc 


i i i 


Unit V is two v^eeks long, and starts in the middle o£ the t 
of the eighth week. The periods run from 317 to 396, with 
period finishing half-way through the last day of the tentV 

The schedule is as follows: 

TOPIC NO. TYPE PERIOD TOPIC 

EIGHTH V-iBEK 
Fifth Day 

4.17 Class 313 

314 
3 15 
316 

5.1 Class 317 

318 

5.2 Class 319 

320 

NINTH WEEK 
First Day 

5.2 Class 321 

322 

323 

324 

5.3 Class 325 

326 

327 

328 

Second Day 


Basic Logic Gate Interpre 

Introduction to the COM-T 
Computer and Organization 

COM-TRAN Ten Logic and Da 


5*3 Class 329 

330 

5.4 Class 331 

332 

333 

5.5 Class 334 

335 

336 


Mathematics of Digital Cc 


Basic Logic Gate Interpre 


Unit/Module Test: Critei 
Written Examination 

Introduction to Digital C 
Mathematics of Digital Cc 


IV 



Third Day 

5.6 Class 337 COM-TRAN Ten Softwar 

338 

339 

340 

341 

342 

343 

344 

E'ourth Day 

5.7 Class 345 COM-TRAN Ten Hardwar 

Diagram Data Flow 

346 

347 

348 

349 

350 

351 

352 

Fifth Day 

5.7 Class 353 COM-TRAN Ten Hardwar 

Diagram Data Flow 

354 

355 

356 

357 

358 

359 

360 

tenth week 

First Day 

5.7 Class 361 COM-TRAN Ten Hardwai 

Diagram Data Flow 

362 

363 

364 

365 

366 

367 

368 


V 



TOPIC NO. 


TYPE 


PERIOD 


TOPIC 


Second Day 

5.8 Lab 369 

370 

371 

372 

5.9 Lab 373 

374 

375 

376 

Third Day 

5.9 Lab 377 

378 

379 

380 

381 

382 

383 

384 

Fourth Day 

5.9 Lab 385 

386 

387 

388 

Lab 389 

390 

391 

392 

Piftn Day 


5.9 

Class 

393 

5.10 

Class 

394 



395 



396 

6.1 

Class 

397 



398 



399 



400 


COM-TRAN Ten Data Flow An 


COM-TRAN Ten Fault Isolat 


COM-TRAN Ten Fault Isolat 


COM-TRAN Ten Fault Isolat 


Unit/Module Test; Criter 
Performance Test 


Unit/Module Test; Criter; 
Written Test 

Within - Course Comprehens 
I^ Written Examination and 

Introduction to Airborne I 
(Demo) 


vi 


of the Assignment Sheets listed below shall be turned in 
Each Assignment Sheet will be checked by an instructor 
ileteness and correctness. Failure to turn in an Assignme 
:t could result in disciplinary action. 


gnment Sheet 

Period Due 

1 . 1 A 

321 

2. 1 A 

329 

3. 1 A 

337 

4. 1 A 

337 

5. 1 A 

337 

6.1 A 

345 

7.1A 

369 


vi i 



UN 11 V bDftMl'l INVj UDO UU i 1 V EjO 


TKkMINAL ObJECflVE 


It.u Isolate an instructor-induced malfunction {under Ij 

supervision) in an avionics, general purpose digitc 
computer training device to a weapons replaceable « 
a snop replaceable assembly, a stage, and a compone 
record results on job sheets. Test equipment will 
provided. Performance must be accomplished in accc 
with COM -TRAN Ten Technical Operations Manual Ml 0 4 , 
All general and personnel safety precautions must 1 
observed, in accordance with OPISIAVINST 5101.2 sei'i€ 

ENAOtlUG OBJECTIVES 


1 ! . 1 


11.2 


11.3 


1 1.4 


EXTRACl' troubleshooting and performance data from c 
block and logic diagrams of a general purpose digit 
computer training device. All circuit performance 
operating characteristics will be documented on jot 
in accordance with specifications contained in COM- 
Technical Opera t ions Manual M1Q4 , Voi. I. 

PERt'ORM visual inspections on an avionics general e 
digital computer training device for physical defer 
security, integrity, and proper installation and 
results on a job worksheet. Performance must be 
accomplished in accordance with procedures outlined 
T^n Tec hnical Operations Manua l M104 , Vol. 1. 

PERtORH operational and minimum performance checks 
Limited supervision) on an avionics general purpose 
computer training device and RECORD results on job 
sheets. Necessary test equipment will be provided. 
Performance must be accomplished in accordance with 
Technical Operatio ns Manual Ml 0 4, Vol. 1, All 
precautions must be observed in accordance with OPN 
5101.2 series. 


ISOLATE an instructor-induced malfunction {under 1: 
supervision) on an avionics general purpose digits: 
training device to a weapons replaceable assemblv, 
replaceable assembly, a stage, and a component and 
results on gob sheets. Test equipment will be pro^ 

accomplished in accordance wit) 
— ^ Tgch nical Operations Manual . All safety 

^ observed in accordance with OPI 
5101.2 series. 


vi ii 


DOCUMENT, on the VIDS/MAF, all necessary corrective a 
required in a given maintenance situation to restor 
avionics general purpose digital computer training 
an operational condition. Documentation must inclu 
ordering and receipt of parts. All documentation inus 
Legible and in accordance with OPNAVINST 4790.2 serie 


LX 


a a o 




I-’RUKT MATTKR 

FOREWORD 

SAFETY NOTICE 

HOW TO USE THIS ASSIGNEMNT BOOK 
UNIT V CLASS SCHEDULE .... 
UNIT V HOMEWORK SCHEDULE . . . 
UNIT V LEARNING OBJECTIVES . . 
ASSIGNMENTS 


ASSIGNMENT 

SHEET 

5. 1 . 1A 

ASSIGNMENT 

SHEET 

5.2. 1A 

ASSIGNMENT 

SHEET 

5.3. 1A 

ASSIGNMENT 

SHEET- 

5.4. 1A 

ASSIGNMENT 

SHEET 

5.5. 1A 

ASSIGNMENT 

SHEET 

5.6. 1A 

ASSIGNMENT 

SHEET 

5.7.1A 
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ASSIGNMENT SHEET 5. 1.1 A 


INTRODUCTION To DIGITAL COMPUTERS 


INTRODUCTION 

rhe purpose of this assignment is to familiarize you wit! 
principles of a digital computer system. Once this know! 
oeen mastered, you will be able to troubleshoot a basic c 
computer system. 


LESSON TOPIC LEARNING OBJECTIVES 

11.1 EXTRACT troublshooting and performance data fron 

block and logic diagrams of a general purpose di 
computer training device. All circuit performer 
operating characteristics will be documented on 
in accordance with specifications contained in C 
Technical Operations Manual Ml 04 , Vol. I. 

11.1.1. SELECT, from a given list, the definition of th€ 
classes of computers. 

11.1.2. SELECT, from a given list, the computer unit the 
determines the overall speed of a digital comput 

11.1.3. SELECT, from a given list, the computer unit the 
perforins an explicit or implicit operation. 

11.1.4. SELECT, from a given list, the computer instruct 
that are used in the control unit. 

11.1.5. SELECT, from a given list, the definition of "re 
access. " 

11.1.6. SELECT, from a given list, the definition of a 
"Volatile memory device." 

11.1.7. SELECT, from a given list, the computer units tl 
included in the central processing unit of a die 
computer . 

11.3 PERFORM operational and minimum performance chec 

limited supervision) on an avionics general purj 
computer training device and RECORD results on ; 
sheets. Necessary test equipment will be provic 
formance must be accomplished in accordance wit! 
Ten Operations Manual M104 , Vol. 1. All safety 
must be observed in accordance with OPNAVINST 5 
( series) . 


S U{Jc r V J. o j. U 11 / <^^11 all a V JL ^11 ia j. v- 

er traininy device to a weapons replaceable assei 
shop replaceable assembly, a stage, and a compon 
RECORD results on job sheets. Test equipment wi 
vided. Performance must be accomplished in acco 
the C0M~TRAN Ten Technical Operations Manual . A 
precautions must be observed in accordance with 
5 101,2 (series) . 

STUD'): ASSIGNMENT 

Study Information Sheet 5.1.11 and Notetahing Sheet 5. 
Complete Assignment Sheet 5.1.1A. 

STUDY QUESTIONS 

1 . The two classes of computers are 


a. 


b . 


2. VMnat are the two types of digital computers? 


a. 


u . 


3. Vvhat are the four capabilities of a digital comput 

d • _ 

b. 


c . 

d . 


4. Name the five basic units of a general-purpose die 
computer? 


a. 


b • 


c . 


a ^ 


e . 
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a • 

b . 

c . 


6. Which units determine the overall speed of a c 
computer? 


a • 


b . 


7. List the three basic functions of the control 

a . 

b . 

c • 


8. Name the four instructions used in the control 

a* 

b. 

c • 

d. 


9. What are the two categories of arithmetic opei 

a . 

b. 


10. Define the terms "volatile" and "nonvolatile" 
to a memory device. 

a . 


b 


a • 

b. 

c . 


a. 


e . 


12. iirtiat are the two modes of access used in a memor 

a . 

b. 


13. The terms "on line" and "off line" refer to whic 
units? 

a . 


b. 


MATHEMATICS OF DIGITAL COMPUTERS 


INTRODUCTIOM 


The purpose of this assignment is to provide you with 
understanding of binary arithmetic, conversion, numbe 
tification, complement arithmetic, computer arithmeti 
terminology used to describe machine and mathematical 
With this knowledge, the student will be able to trou 
a basic digital computer system. 


LESSON TOPIC LEARNING OBJECTIVES 


11.3.1. SELECT, from a given list, the definition c 

11.3.2. SELECT, from a given list, the common numbe 
used in digital computers. 

11.3.3. CONVERT specified decimal numbers to their 
octal, and hexadecimal equivalents. 

11.3.4. CONVERT specified octal and hexadecimal num 
their decimal and binary equivalents. 

11.3.5. PERFORM, with given binary numbers, the ind 
arithmetic operations. 

11.3.6. SELECT, from a given list, the primary adva 
complement arithmetic. 

11.3.7. PERFORM, with given binary numbers, the 2’s 
method of subtraction and addition. 

11.3.8. SELECT, from a given list, the method used 
negative numbers in the COM-TRAN Ten. 

11.3.9. SELECT, from a given list, the rae thod of mu 
used in the COM-TRAN Ten. 

11.3.10. SELECT, from a given list, the method of di 
in the COM-TRAN Ten. 




Review ^;otet^^king Sheet 5.2. IN and cotiiplete all probler 
questions . 

STUDY OUCSTtOMS 


Match 

n. 

the following terns 

with 

A 

their 

def init tons , 

a . 

Radix 


f, _ 

Mod uLus 

b. _ 

Radix point 


9- _ 

Conplemen 

c . 

Bit 


h. _ 

Open-end 

d. _ 

Byte 


i . _ 

Ciosed-en 

e . 

Word 



Positiona 


D 

1. A number system in which the value of a digit 
upon the position of the digit within a number 

2. The number of discrete conditions a device or 
indicate . 

3. A set of bits that occupies one storage locati 

4. The number of characters used in a number syst 

5. The process by which a carry or borrow generat 
most-significant digit is brought to the least 
significant digit and is added. 

6. A binary digit, either a 0 or _1, 

7. TVto between whole numbers and f 

rry or borrow generat 
disregarded . 

the modulus or highe 
to represent the nec 


t.s acted upon as a ur 
'ord . 


a . A 

b. B 

c. C 

d. D 

e . E 

f . F 

Convert the following decinal numbers to binary, octal 
hexadecimal . 

Binary Octal Hexadecimal 

a- 69 j^0 

b. 3^10 

■^■^lo 

d. 127 io 

e. 46 ]^q 

1 . Convert the following binary numbers to decimal. 

a. IIOIIOOI2 

b. IIIIII2 

c. IOIOII2 

d. IIIOIOI2 

). Convert the following octal numbers to decimal. 

a. 3270 

b. 7343 

c. 26 g 


h. 14 Ci6 

c. 7 Eifi 

•i- Ai 6 

e. IE Aif> 

f. 3 0 F,i6 

7. Convert the following octal nuribers to binary. 

a. 307g 

1^- 47(5 

c. 147(3 


R. Convert the following hexadecimal numbers to binary. 


cl . 

59 1 


b. 



c . 

A 616 


d. 

F^ie 


e . 

24Ci6 


f . 

C9i6 _ 


9- 

AD 3 1(3 



9. Convert the following binary numbers 

a. 110110012 e. 

b, 101001112 f. 

c. 111101012 g. 

d, IOIIOUOII2 h. 


to hexadecimal 

OOIOIIOI2 

IIOIOIIOI2 

11101110112 

IIOIIOUO2 
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a. lOl.lOOLl 
+11101001 


b. 10010 
+01010 


11. Subtract the following 

a. 1101 
-0110 


b. 101101 
-011010 


12. Multiply the following 

a. 101101 
X 111 


b. 11011011 
X lOllO 


c. 00111 
+10101 


d. 01011101 
+11101110 


binary numbers. 

c. 11111011 
-10111110 


d. 11101001 
-01110110 


binary numbers. 

c. 11001101 
X 10011 


d. 11011 
X 101 


13. 


Divide the follov/ing binary numbers. 


a. 11110 T 101 = 

b. 0111 i 010 = 


c. 11101110 i 1101 

d. 0110101 i Oil 


14. I'Jhat are the two methods of complement arithmetic? 

a . 


b 


a. OIIOIOI2 

b. OIIIOIIIO2 

c. IOIOII2 


16. VJrite the following binary nunbers in 2‘s coraplement 

a. OIOIIIOI 2 

b. OIIOIIIO 2 

c. 011111112 

d. OOOIOOIO 2 

17. t^/hat nethod of complenentation is used in the Com-Tr 
to represent negative nunbers? 


18. Write the negative hexadecimal value of the follov;in 
complemented binary numbers. 

a. 1000 OOOI 2 

b. 1110 IIII 2 

c. 1111 IIII 2 

d. 1101 OOOI 2 

e. 1000 OOOO 2 

19. Convert the following decimal numbers to binary and 
using the I's complement. 

c. -69 

+49 



b. +23 
-19 


tract, using the I's complenent . 


a . -23 

+ 19 


b, +16 
+ 5 


c . +54 

-36 


Convert the following decimal numbers to binary and add 
using the 2's complement. 


a. -19 
+20 


b. -17 
-10 


c . +19 

-11 


Convert the following decimal nurabers to binary and sub 
tract, using the 2's complement. 

a. +15 

+10 


b. +19 
-11 


-19 
+ 9 



b. Repetitive addition 

c. Addition and shift right 

d . Shift left 

24. The COM-TRAN Ten uses what method of division? 

a. Repetitive subtraction 

b. Subtract and shift right 

c. Shift left 

d. Shift left and subtract 

25. Convert the following binary numbers to Gray co( 

a. OOIO 2 

b. 01102 

26. Convert the following Gray code numbers to bina 

a. 0111 . 

b. 0011 


12 



BASIC LOGIC GATE INTERPRETATION 


ODUCTION 

purpose oE this assignment is to provide you with a has 
ledge of the various types of logic gates that are used 
ake up a digital computer system. A basic unde r standi r 
logic function, operation, and application of the vario 
c gates will provide you with the knowledge that will 
equired to troubleshoot the COM-TRAN Ten digital coiiaput 
em successfully. 


ON TOPIC LEARNING OBJECTIVES 

.9. SELECT, froin a given list, the definition of a Ic 
symbol . 

.10. SELECT, form a given list, the statement describi 
positive logic. 

,11. SELECT, form a given list, the purpose of the neg 
indicator system. 

,12. SELECT, from a given list, the truth table that 

describes the logic function of a specified logic 
gate. 

.13. MATCH, from given lists, the logic gate equivaler 
the logic gate that produces tlie same truth table 

.14. SELECT, from a given list, the statement describi 
operation of an RS latch. 

.15. SELECT, from a given list, the statement describi 
operation of a "D" edge-triggered flip-flop, 

.16. SELECT, from a given list, the statement describi 
operation of a single-shot multivibrator, 

.17. SELECT, from a given list, the function of a wire 
gate . 


Y ASSIGNMENT 

ew Notetaking Sheet 5.3.1N and complete Assignment Shee 

1A. 


1. What is the definition of a logic symliol ? 


2. Ifliat is the difference between a basic logic di.c) 
detailed logic diagram? 


3. Define the term "positive logic. 


4. Wien using the negation indicator system, t In? IniUl 
input of a logic symbol indicates wliat? 

a. Input is statically 

b. Active input is 


5 . 





a. Output is statically 

b. Active output is 














Type "D” edge-triggered flip-flop Sin 

Refer to the single-shot to answer questions 14, 
17. 

14. What input trigger is required to produce a posi 
on the Q-output? 


15. l^en the single-shot is triggered, how log will 
the unstable state? 


16. What determines the pulse width of the Q-output< 


17. The single-shot will be triggered on what portic 
input trigger? 


19 
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INTRODUCTION TO THK COM-TRAN TEN COMPUTER AND ORGANI 


INTRODUCTION 


The purpose of this assignment sheet is to provide you v 
basic knowledge of the COM-TRAN Ten computer. A basic 
understanding of the function and purpose of the control 
registers of the COM-TRAN Ten will provide you with the 
Knowledge that will be required to troubleshoot the COM- 
Ten computer. 


LESSON TOPIC OBJECTIVES 


11.2.11 SELECT, from a given list, the characteristics 
COM-TRAN Ten memory unit. 

11.3.12 SELECT, from a given list, the arithmetic operc 
performed by the arithmetic logic unit, 

11.3.13 MATCH the control panel switches with the stat< 
that describe their functions. 

11.3.14 MATCH the modes of operation with the statemeni 
describe their functions. 

11.3.15 MATCH the counters and registers with the stati 
that describe their functions. 

11.3.16 SELECT, from a given list, the function of the 

11.3.17 EXPLAIN the function of the condition code ind: 
by selecting the correct description from a lii 
statements. 

11.3.18 SELECT, from a given list, the statement that < 
the purpose of the wait light. 

11.3.19 SELECT, from a given list, the statement that i 
the purpose of the status indicators. 

11.3.20 SELECT, from a given list, the statement that < 
the acquisition phase of an instruction. 

11.3.21 SELECT, from a given list, the statement that < 
the execution phase of an instruction. 
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Review Notetaking Sheet 5. 4. IN and complete all quest! 
STUDY QUESTIONS 

Answer the following questions: 

1. What is the capacity of each memory level? 


a . 

1024 

8-bit 

words : 

b. 

255 

8-bit 

words : 

c . 

256 

8-bit 

words : 

d . 

1023 

8-bit 

words : 


2. List the four arithmetic operations performed by t 
arithmetic logic unit. 

a . 

b. 

c . 

d. 

3. The input section of the control panel consists of 
switches? 

a . 

b. 


c 


Used to read data into o 
of memory in alphabetica 
letters, characters, or 
decimal digits. 

Computer will continue ti 
operate when the Q-regis 
exceeds a +127 or a -128 

to the com 

continue ti 
the A-regis 
7 or a -128 

puter clock 

data into 
inary form . 

Computer will acquire an 
execute instructions by 
internal controls. 

Clears all registers. 

Computer will stop after 
executing one instructio 
acquiring the next instr 
tion . 

Checks all lamps on disp 
panel and the I-register 
select switches. 

Computer will stop after 
acquisition phase of an 
instruction . 

Automatically sets up co 
to execute a manual outp 
instruction . 




r. Resets the I-register. 

s. Used to repeat any mode 
tion except program mode 

t. Automatically sets up cc 
execute a manual input i 
tion. 

u. Used to enter data in hf 
decimal Eorm. 

V. Computer will stop aftet 
or DPA pulse. 

w. Turns teletype printer c 

X. Causes computer to perfc 
in the program when a si 
struction is received. 

y. Used to read into or oui 
memory in hexadecimal f( 

5. Match each o£ the following counters/r egisters with th( 
ments that describes its purpose. 


(1 ) 

A-register 

a. 

(2) 

B-register 


13) 

C-r eg ister 

b. 

(4) 

D~register 


(5) 

S-register 

c. 

(6) 

M-register 

d. 

(7) 

P-register 


(8) 

Q-register 

e . 

(9) 

X- register 


no) 

I-register 

f . 

(11) 

AQ register 



Holds the count of the i 
process steps to be per^ 
a multiply instruction. 

Holds the multiplier pr 
execution of a multiply 
tion. 

Controls the sequence o 
timing pulse. 

Holds the address of th' 
instruction to be acqui 
memory . 

Holds the sum after the 
of an ADD instruction. 

Holds the product after 
execution of a multiply 
instruction. 
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h. Holds the address of th 
tion being executed. 

i . Holds the subtrahend du 
execution of a subtract 
tion . 

j. Used for indexing the o 
address . 

K. Used to hold the data f 
input manually into any 


6 . 


The condition codes reflect the status of v/hat regist' 
completion of all but the MPY, DIV, SRA, and SLA inst; 


a . 

AQ-register 

b. 

B 

register 

c . 

A 

register 

d. 

Q 

register 


7, What mode switch is used to check the acquisition or 
phase of each distribution pulse? 


a • 

PROG 

mode 

b • 

INST 

mode 

c . 

A/E mode 

d. 

DIST 

mode 


8. The wait light indicates the computer is waiting to: 

a . 

b . 


25 



Op-code register? 
D-register ? 
C-register ? 



COM-TRAN Ten LOGIC AND DATA FLOW 


UCTION 


rpose oC this assi 9 nment is to provide you with a basic 
dqe of the data flow between the registers of the COM-TB 
gital computer. A basic understanding of how and in wha 
ce data are transferred will be required for you to trou 
the COM-TRAN Ten digital computer successfully. 

TOPIC LEARNING OBJECTIVES 

EXTRACT t roublsnoot in^ and performance data from given 
and logic diagrams of -a general purpose digital comput 
training device. All circuit performance and operatin 
characteristics will be documented on job sheets in ac 
dance witli specifications contained in COM-TRAN Ten Te 
cal Operations Manual M104 , Vol. I. 

MATCH designated registers of the COM-TRAN Ten with 
statements that describe the sequence of transfer 
between them. A copy of the Com-Tran Ten block diagra 
will be provided as a reference. 

ASSIGNMENT 


Notetaking Sheet 5, 5. IN and complete all questions. 


QUESTIONS 


tch the registers of the COM-TRAN Ten digital computer 1 
column A with the statements in column B that describe 
quence of transfer between them. Refer to the block dia 
page 28. 


A 


B 


} l-register to 
B-reg i ste r 

) I-register to 
memo ry 

) I-register to 
P-regi ster 

) I-rgister to 
M-register 


a. Memory to Z-bus to B-registe 
selector to Y-bus to ALU to 
bus to A-register. 

b. Memory to Z-fous to B-registe 
selector to Y-bus to S-regia 

c. P-register low-order bits tc 
to M-register. p-register 1 
order bits to selector to M- 
register . 


) I-register to 
S-register 


d. Memory to Z-bus to B-registe 
selector to Y-bus to Q-regie 
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Bus I 



















(7) 

I -reg i s ter 

to 

f • 

Memory to Z-bus to B-regis 


A-register 



selector to Y-bus to X-reg 

(8) 

I-register 

to 

g- 

Q-register to 2-bus to B-r 


ij- register 



to selector to Y-bus to me 

(9) 

I-reqister 

to 

h. 

A-register to Z-bus to B-r 


C-register 



to selector to Y-bus to me 

ID) 

I-register 

to 

i • 

X-register to Z-bus to B-r 


D-register 



to selector to Y-bus to mei 

1 1 ) 

P-register 

to 

j- 

M-register direct transfer 


M- reg is ter 



P-register . 

12) 

Memory to S 

- 

k. 

A-register 1 bit transfer 


rey i ster 



rjfigister , 

13) 

Memory to M 

— 

1- 

I-register to selector to 


register 



S-register , 

14) 

M-register 

to 

m. 

I-register to Z-bus to B-r 


P-register 


n. 

L-register low-order bits 

15) 

Memory to 



selector to y-bus to M-reg 


teletype 



I-register high-order bits 
selector to M-register. 

16) 

Memory to 
A-register 


0* 

I-register to Z-bus to B-r 
to selector to Y-bus to me 

17) 

Memory to 
Q-register 


P- 

I-register to selector to 
X-register . 

18) 

Memory to 
I-register 


q- 

I-register to selector to 
ALU to F-bus to A-register 

19) 

Memory to 
X-register 


r . 

I-register to selector to 
Q-register. 

20) 

X-register 
to memory 


s. 

I-register to selector to 
C-register . 

21 ) 

X-register 
M- reg is ter 

to 

t. 

I-register to selector to 
D-reg ister . 

22) 

A-register 
to memory 


u* 

I-register direct transfer 
bits to P-register. 

23) 

Q-register 





to memory 


NOTE: The right column is con 


on the neKt page. 
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seieccuc lu i-uu» 


2. What is the purpose of the control 1 instructor 
(sheet 17)? 


3, The 2's complementor is used to complement the 
registers? 

a . 

b . 


4, What register must all data go through before c 
leaving memory? 


5. The Z-bus is an input bus Cor what registers? 


a . 


b . 
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COM-TRAN Ten SOFTWARE 


ODUCTION 

purpose of this assignment is to familiarize you with tl 
ramming steps, flow chart symbols, instruction-word font 
ng , instruction repertoire, and machine language of the 
TRAN Ten. 


ON TOPIC LEARNING OBJECTIVES 

.22 MATCH each of the six major steps in programming wi 
the term and definition describing it. 

.23 SELECT, from a given list, the proper order of the 
steps in progratnining . 

.24 MATCH the names of flow chart symbols with statemen 
describing them. 

.25 SELECT, from a given list, the statement that descr 
the difference between a program flow chart and a 
system flow chart. 

.26 SELECT, from a given list, the statement that descr 
the difference between mnemonic and machine languag 

.27 SELECT, from a given list, the statement that descr 
the COM-TRAN Ten instruction-word format. 

.28 MATCH given instructions with statements describing 
their functions. 


.29 


MODIFY the OP CODE, given a 
indicate the second, third, 
by writing each code in the 


list of instructions, t 
or fourth level of memo 
appropriate column. 


,30 MODIPy the OP CODE, given a list of instructions, t 
indicate indexing and the first level of memory by 
writing each code in the space provided. 


.31 SELECT, from a given list, the purpose of indexing 


.32 


SELECT, from a given list, the statement that descr 
the operation of a specified Load instruction. 


,33 SELECT, from a given list, the statement that descr 
the operation of a specified Store instruction. 

.34 SELECT, from a given list, the statement that descr 
the operation of a specified Arithmetic instructior 


11.3.35 SELECT, from a given list, the statement tha1 
the operation of a specified Logical instruct 

11.3.36 SELECT, from a given list, the statement that 
the operation of a specified Branch instructj 

11.3.37 SELECT, from a given list, the statement that 
the operation of a specified Input /Output ins 

11.3.38 SELECT, from a given list, the definition of 
routine . 

11.3.39 LIST, with the aid of the HSI and a program i 
TRAN Ten instructions, the contents of a spec 
register after each instruction has been exec 

STUDY ASSIGNMENT 

Read Notetaking Sheet 5. 6. IN and cojiiplete the assignnir 

STUDY QUESTIONS 

1. Match each of the programming steps in column A wi 
and definition describing it in column B. 

Column A Column B 


1. 

Step 

1 

a. Debugging — the process 

2, 

Step 

2 

errors in the program. 

3. 

Step 

3 

b. Coding — the process of 
the operations in the 

4. 

Step 

4 

into a language the cc 
understand . 


c. Write a clear comprehe 
ment of the problem. 

d . Analysis — of the probl 
susceptible to arithme 
logical computation. 

e. Execution — of a prog r a 

f. Flow chart — A graphic 
tion Tn which symbols 
denoting various opera 
showing the sequence i 
are to he performed . 

g. Documentat ion — Is an e 
material, flow chart, 
tions for the computer 
and other information 
the prog ram . 


5. Step 5 

6. Step 6 





1. A system flow chart represents a complete 
the program? whereas, a progrm flow chart 
only a tx5rtion of the program. 

2. A system flow chart represents a general 
of the problem; whereas, a program flow c 
sents a step-by-step sequence of the oper 
a program. 

3. A system flow chart represents a general 
of the problem; whereas, a program flow c 
sents a general approach between flow cha 
and program instructions. 


5. Which statement best describes the difference betv 

language and mnemonics? 

1. Machine language is a binary expression t 

computer can understand; whereas, mnemoni 
alphabetical expressions that label and s 
individual instructions . 

2. Machine language is a numeric expression 

struction, while a mnemonic is an alphabe 
for an instruction name given as an aid t 
memory . 

3. Machine language is an alphabetical expre 

instruction, while a mnemonic is a numeri 
of an instruction. 

4. Machine language is an alphabetically exi 

struction; whereas, mnemonics are binary 
which computers can readily understand. 


6. List and define the two parts of the COM-TRAN Ten 
word . 

1 . 


2 . 


latch the instructions in column A with their function in 
column D. 

A B 

a. Load the A~register with the contents of tl 
memory address indicated by the OPERAND, 

b. Branch to the memory address indicated by ' 
OPERAND if condition code ">0" is set. 

Shift the AQ-register left the number of 
places indicated by the OPERAND. 

Increase the contents of the X--register by 
the value indicated by the OPERAND. 

e. Add one to the contents of the memory 
address indicated by the OPERAND. 

f. Load the A-register with the 2's complemeni 
of the memory address indicated by the 
OPERAND, 

g. Add the contents of the memory address ind: 
cated by the OPERAND to the A-register^ 
leaving the result in the A-register. 

h. Ijoad the X-register with the value indicat< 
by the OPERAND. 

14. SLA i. Load the C-register with the value indicate 
by the OPERAND. 

15. INX 

j. Multiply the A-register by the contents of 
the memory address indicated by the OPERANl 
leaving the results in the AQ-register. 

k. Branch unconditionally to the memory addrei 
indicated by the OPERAND, 

l. Branch to the memory address indicated by i 
OPERAND and STOP. 


m. Transfer the contents of the l-register to 
the memory address indicted by the OPERAND 

n. Divide the AQ-reglster by the contents of 
memory address indicted by the OPERAND, 
leaving the quotient in the Q-register and 
the remainder in the A^-register. 

o. Store a BUN OP CODE at the memory address 
indicated by the OPERAND. Store the contej 
of the P-register at the next memory addre; 
after the one indicated by the OPERAND (M+ 
then branch to the second memroy address 
after the one indicated by the OPERAND (M+: 


7. BPS 

8. BST 

9. MPY 

10. RAO 

11. DIV 

12. BUN 
1 3 . LDA 


4. BSB c, 

5. LAN 

d. 

6. ADD 


1. LCI 

2. MNI 

3. LXI 
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j.trvt3j.b Ui. j uy wj. . 


.LiRi Li- ci u.jie ^nu t jru/ or 4 t.n 
code in the appropriate column. 

Second level Third level Foi 


1 . lain 

2. ADD 

3. nsT 

4. DIV 

5 . LDA 

6 . BSD 

7. STA 

8. MPY 

9. RAO 

10. BUN 

11. BPS 


9. Modify the OP CODES of the following instructins to 
indexing and the 1st level of memory by writing each 
the space provided. 


1 . LAN 

2 . ADD 

3 . BST 

4. DIV 

5. LDA 

6. BSD 

7. STA 

8. MPY 

9. RAO 

10. BUN 

11. BPS 



V/hich 


statement best describes the purpose of "index 

!• A programmer uses indexing to locate a bit 
tion during the program operation. 

2. Indexing allows the programmer to repeat an 
throughout a section of memory. 


ing"? 

of informa- 

operation 


3. Indexing is changing a portion of the control memory t 
allow the selection of specific information. 


4* Indexing is 

subroutines 

^/hich statement best 
ins truct ions? 


the selection of the 
will be located. 

describes the action 


location where certai 
of the ''store'* 


1* The store' instructions are all register-to-register 
operations . 

2. The OPERAND of the "store" instructions specifies the 
register that will be acted upon during the execution 
of the instruction. 


"Store" instructions store the contents of the registe. 

specified by the OP CODE into the memory address con- 
tained in the OPERAND of the instruction. The content: 
of the registers are not altered. 

4. The "store" instructions are immediate addressing in- 
structions* that is, the value in the OPERAND is places 
into the specified register upon the execution of the 
instruction . 


Which statement best describes the action of the ADD and SUB 
instructions? 


1. Tlie ADD instruction adds the contents of the memory 
address to the contents of the accumulator and places 
the result into the memory address specified by the 
OPERAND. 

2. The ADD instruction adds the contents of the Q-registe: 
to the contents of the accumulator and places the 
result into the accumulator. 

3. The ADD instruction adds the contents of the OPERAND t< 
the contents of the accumulator and places the result 
into the accumulator. 

4. The SUB instruction subtracts the OPERAND from the OP 
CODE and places the result into the accumulator. 

5. The SUB instruction subtracts the contents of the 
OPERAND from the contents of the accumulator and places 
the result into the accumulator. 


Cont'd on next page) 


result into the accumulator. 

Which statement best describes the action of the MPY instruct. 

1. The MPY instruction arithmetically multiplies the 
OPERAND and the memory address specified by the OP C( 
and places the result into the accumulator. 

2. The MPY instruction multiplies the accumulator by th< 
OPERAND and places the product into the AQ register. 

3. The MPY instruction multiplies the accumulator by th( 
contents of the specified memory address (+1), then 
logically "AMDS'* the result with the previous data ii 
the accumulator. 

4. The MPY instruction multiplies the contents of the 

accumulator register with the contents of the memory 
address and places the results in the AQ-register. 

Which statement best describes the action of the DIV instruct: 

1. The divisor is in the AQ-register and the dividend if 

in the memory address. 

2. The OP CODE for the DIV instruction is "78.** 

3* The DIV instruction divides the contents of the AQ- 

register by the contents of the memory address speci- 
fied In the OPERAND. The quotient is placed into thi 
Q-register, and the ramainder is placed into the 
accumulator. 

4. The DIV instruction cannot handle two numbers whose 

quotient will exceed the bit-length of the Q-registei 

Which statement best describes the action of the SLA instructj 

!• The SLA works on the AQ-register only. 

2. The SLA instruction shifts the double-length AQ-regif 

to the right the number of bit positions determined i 
the OPERAND portion of the instruction. It "pads" tl 
Q-register with zeros. 

SLA instruction shifts the accumulator to the ric 

and the Q-register to the left in a combined operatic 
that results in all bits being lost# regardless of tl 
count in the OPERAND. 

4. The SLA instruction shifts the double-length AQ- 

register to the left for a shift count determined by 
OPERAND. It "pads" the low-order bit of the Q-regist 
with zeros. 
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tion as shown in the program below? 


1. Ibe BUN at '70' was generated and stored as a p. 
of the execution of the BSB instruction at loca 
■46' . 

2. The OPERAND portion of the instruction word at 
is the address in the main program to which the 
computer will branch upon execution of the BSB 
instruction . 

3. The subroutine ends with address '82'. 

4. The BUN, '70' at location '82', causes the sub- 

routine to be performed again and again up to a 
maximum of times for each iteration. 

5. T?ie OPERAND portion of the instruction word at 
is the address in the main program to which the 
computer will return after the completion of th< 
subroutine . 

6. The BUN, '70' at memory address '82', sends the 
program control, back to the main program after 
completion of the subroutine via the RUN, '48' < 
location * 70 ' . 


Program 

Address 

•42 ' 
'44 ' 

■46' 

'48' 

* » 

« • 


Mnemonic 

Coding 

LAI, 00 
LXI, OE 

BSB, 70 

?? 


Comment 


Make believe initialization of regif 
other memory locations, in other woi 
a part of previous programming, etc 
BRANCH TO SUBROUTINE. The BSB is gc 
to send the program to ' 70 ' . 

The program continues from this poii 
after the completion of the instruci 
in the subroutine. 


'70' 


•72 ' 


BUN, 40 The BUN is generated by the BSB, th« 
'48' is the next instruction after i 
BSB. 

Beginning of the subroutine instruc- 
tions . 


■82 ' 


BUN, 70 


1. It informs the computer to output one data b] 
the peripheral. 

2. It informs the computer to output a block of 
to the peripheral. 

3. It informs the peripheral to output a block c 
to the computer . 

4. It informs the computer to input a block of n 
from the peripheral. 


l*Ihich of the following instructions are "input” instrr 
for the COM-TRAN Ten? 


1. 

Write 

until interrupt (WDI ) . 

2. 

Read 

data block (RDB), 

3. 

Input 

data block (IDE). 

4. 

Read 

until interrupt (RDI). 

5. 

Write 

data block (WDB). 


V/hich statement describes the definition of a "subrout 

1. A program designed to utilize wasted memory 

locations in order to fill all memory locatic 

2. A maxi-program that allows the computer to ha 

repetitive task. 

3. A mini-program that allows the computer to ha 

repetitive tasks. 

4. A program which allows the computer to haitdle 

repetitive tasks. 



Analyze the following programs and list the contents of the Accumula 
and Quotient after the execution of each instructioii . 
























21. Analyze the following program and list the contents 
Accumulator and Quotient after the execution of eac 
i ns truct ion . 
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COM-TRAN Ten HARDWARE AND LOGIC DIAGRAM DATA FLOW 
NTRODUCTION 

’he purpose of this assignment is to provide you with a ba 
;nowiedge of the operation and logic organization of the C 
'en registers and units. 

lESSON TOPIC LEARNING OBJECTIVES 

1.1.18 SELECT, from given lists, COM-TRAN Ten operations 
specified inputs, and commands and subcommands tc 
various registers and units, using the COM-TRAN 1 
logic diagrams, 

1.1.19 SELECT, from given lists, factors in the logic or 
zation of the COM-TRAN Ten, using the COM-TRAN Te 
logic diagrams. 

TUDY ASSIGNMENT 

.ead paragraphs 2-11-1 through 2-11-13 in the HSI. Read ^ 
aking Sheet 5.7. IN and complete the assignment below. 

TUDY QUESTIONS 

e£er to logic sheet 7 to answ e r the following questions : 

. What is the count in the two D-type flip-flops (8GA ar 
when CP 2 is low? 

A. 00 (gc) 

B . 01 ( g c ) 

C. 10 igc) 

D. 11 (gc) 

. What is the pulse width of the ENABLE signal? 

A. 6 microseconds 

B. 8 microseconds 

C. 2 nanoseconds 

D. 16 nanoseconds 
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When will this ociur? 

*• When the EmHble is LOW. 

"■ r«eS! '>-'=9-t-i9gered fUp-tlope ate 

rjtate? “-^a-triggened fUp-fiops are 

__ C. When SPCK is HIGH. 

^ay Sdf counte^"con??nua’uy5 required to tri 

A Oh pin 5 and an upoloch on pins 3 and 4 

B. A LOW on pin 5 and a downclock on pins 3 and . 

c, A high on pin 5 and an upolook on pins 3 and . 

_ .0. A HIGH on pin s an^ ^ downclock on pins 3 and 

dUest.ona . 

flip-flop^oCtput?"^' — ' — ' M are taken from 

_A. Q 

B . D 

Q 

D. S 

What clocks the D-recrister t--hv • 

through Its sequential count 

_A. CPI upclock 

— ® • CP2 upclock 

C. CP3 upclock 

D • ENAB LE 


^ t 


J. JIjD 


D, Y6 


8 . 


pulse clears the l-reci*-' 
loaded from the Y-bus? rtc.io 


A. CPI 

B. CP2 

C. CP3 

D« Enable 

9. Which hex input switch does not inp;;t 
generates ICLK when pressed? 

A. Hex F 

B . Hex 1 

. C. Hex 0 

D. Hex 9 

efer to logic sheet 3 to answer the fol 1 c . w i 
0. When will the B-regiater be loaded fi' 


A. 

When 

the 

leading 

edge of CP? it. 

B. 

When 

the 

trailing 

edge of (-’P? i 

C. 

When 

the 

leading 

edge of CP? >f 

D. 

When 

the 

trailing 

edge of CPI’ o 
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3, 8C) 


, what is felt at pin 7)? 

A. Pin 4 input. 

B. Pin 5 input. 

^C. Pin 6 input. 

D. One's complement input. 

12. If the A and B inputs to the selector are LOW (the 
condition), what is on the Y-bus? 

A. The I-register. 

B. The Fi— register. 

C. The complement of the C-register. 

D. The complement of the I-register. 


Refer to logic sheet 8 for the following guestions : 

13. I'Fhich of the following signals are not used to wri 
formation into memory? 

A. IBS 

Y-BUS input 

C. MO through M9 

D. is¥ 

14. If the data word being read from memory is FP‘(16), 
voltage level will be felt at NAKn gate 7K-A, pin 

A. 0 volts 

B. +5 volts 

15. flow long is the IRS signal on pin 4 of 9L-B? 

A. 2 microseconds 

B. 6 microseconds 

C. 8 microseconds 

As long as the LDA instruction is in the S- 



What signals are necessary to increment the Memory Addi 
register by 1? 

A. TGM and CP3 

B. TPM and CP3 

C. TIM and CP2 

D. TOM and CP2 

What locic levels are needed on pins 2 and 14 of data 
selector 13 J to transfer SO and SI to M8 and M9? 

^A. Pin 2 HIGH and pin 14 HIGH. 

B. Pin 2 fJIGH and pin 14 LOW. 

C. Pin 2 LOW and pin 14 HIGH. 

D. Pin 2 LOW and pin 14 LOW. 

Prom what register/s does the M-register receive Inform 
at DPA8? 

_A. S-register only. 

B. I-register via the Y-bus. 

C, B~register and S-register, 

D. P-register via the Z-bus, 

What signals will Load the M-register from the Z-bus? 

h. bPA8 and CP2 

B. TMB and CP2 

C. TIM and CP3 


D. TPM and CP2 



20. V^hat signals are necessary to add the Index regis 
M-register and transfer the results to the M-regi 

A . TXQ 

B. TOX and CP2 

C. LX and CP2 

D. AXM, TGM, and CP3 

21. What happens if the sum of the Index register anc 
M-register exceeds 10-bit places? 

A. The Index register end carries. 

B. The overflow bits are lost. 

C. The carry light is set. 

D. The ADD overflow light is set . 

22. What logic levels are felt on pina 1, 3, 8, and 1 
HE and llD when the AXM signal is LOV/? 

A. The contents of the X-register. 

B. 11111110 (2) 

C. 00000001 (2) 

D. 00000000 (2) 

Refer to logic sheet 12 to answer the following questi 

23. What signals are needed to load the P-register fr 
M-register? 


A. 

TMP 

LOW, 

TIP HIGH, 

and CP2. 

B. 

TMP 

HIGH, 

TIP HIGH 

, and CP2 

c . 

TIP 

LOW, 

TPLD, and 

CP2. 

D. 

TMP 

LOW, 

TIP LOW, 

and CP2. 
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ddesotTOodododo (ad^Bea^d^) csuwo 
BiJdoddo^ doOio (32Cdo«’ djsM^a^Bdd^) sscoo de«d dwdo 
ris? djsddg (deosD®’ usya*') ddq^rtCrt odadoaoddddjs, 
(deo*) d?a5CdooqS dsOrt^Jv® (ddsaocsO ddtraoddo^d 
asdoddo^^^ddjs, Bd (dOdf^) Adodocrtj o^-’a^o*' Bddo (t«ii 
dfljeJ.) sosad da cioadcraeJocJosio^ (dd^d^do''3^d3®') t^a 
BOcdo wf^ddo (doads^deo*’ dt5*'dod^*ew®) , doo^a ?jdri^*o 



i^jsnscsOES (s?6tii^5SD«’ebSii^) osKdoriTOn't^J^ 

ijioGo djseticS Eo^cdtrdcSo^ sio^Sd (sgiss'^we; 

joO^raw^dd*') ESddjsSdrfO sss^rfo^sSsisiq, srfissaSodsJDtirtD 
3^d. 

aodCFdo^rt^js Sss cii)t32c«!o'(dodao rii3^r1^oid So3Sq,s5Cicd6 
^J\i %)«?doriC3gdod rirfrf^dtSsSo^ ipij^Ssiosj, iaicSjOjcspscS 
sidBso FJsoSod wrtb3bSSo^ wsd^ 

sscocojo cioart^g Sd^&S)C3s^d tjddo, d? SocSt^Jr 
d?Jo^ siiDoeaSfpiosd owsoSord «n)E3ded&bd eOGdooKfsddo 
gJddcodj^d d^ed^|J«^o^o Sddg TrattojSdaan, wdsS S^oboocSirfe 
drodoboSOj cidoboMS) ?o^DSl3^!i's>sn ^?53^tfocddg JijridodcS 
R3a^dc!*i355«3do^ •SoidocSijcian wados^d. 


Jdo ddeso 



